There is need for a simple and accurate measurement of surface body fat in view of the importance of this tissue from the nutritional and other points of view. Thus body fat, or its change, reflects the balance of an individual's energy intake and output, and this energy balance has been found to be the main determining factor in nutritional adequacy-at least in European countries (Berry, 1951) . Apart also from the functional aspect of body fat as an energy reserve and as a thermal insulator, it appears to be related to the tendency towards the development of certain diseases and freedom from others (Draper, 1924; Freeman, 1934) , and its excess is associated with a reduced expectation of life.
Surface fat has also been shown to be one of the chief distinguishing features of physical types (Hammond, 1953a) . It would be useful, therefore, to have a convenient and accurate measurement of surface fat and also to have standards against which to compare observed results.
Some inferences can be made concerning body fat from the relations between certain body measurements and weight or from the changes in these measurements. Specific gravity of the body is also claimed to indicate body fat. However, at the best, these are indirect measurements, which are complicated in the former case by growth and physical type, and in the latter by variations in the "lean body mass". In adults, changes in weight are mainly due to loss or gain in fat so that these two functions over-lap to a considerableextent (Edwards, 1950) , but in children, weight, growth, and fat need to be considered separately. In addition to caliper measurements of body fat, other possible methods include measurement of fat thickness from x-ray plates, and estimation of body fat from biochemical changes involved in fat metabolism.
If we confine ourselves to the caliper measurement of subcutaneous fat, the major problems are those of measuring the skinfold accurately at any one point and of determining the number of sites required in order to assess the total surface fat. We also need to know how caliper measurements of body fat vary between the sexes and at different ages, and finally it would be useful to be able to translate the caliper measurements into actual amounts of subcutaneous fat present.
The present paper, therefore, gives the mean caliper measurements for boys aged 2-18 years, a group of adult male factory workers, and girls aged 2-15 years, taken at six sites which have been found to be representative of the results obtained from many sites. The results have also been translated into terms of actual fat thickness as indicated by uncompressed fold thickness measured from x-ray photographs.
ExPEImuENTAL METHOD For those not familiar with the technique of taking fat measurements the procedure is to lift a fold of skin and subcutaneous tissue clear of the underlying (muscle) tissue between the thumb and forefinger of the left hand, at the same time applying the spring calipers pincerfashion to the parallel-sided fold so produced. (See Plate 1, p. 143, Edwards, Hammond, Healy, Tanner, and Whitehouse, 1955) .
In order that the measurements obtained by different observers should be comparable, they must be taken in a standard way at recognized sites using an instrument whose degree of compression of4the fold is known. As a result of a number of trials extending over several years, a new dial-type caliper has been produced, known as the M.R.C. or Harpenden skin-fold caliper, having plate sizes 6 x 15 mm. and pressure 10 g/mm.A This instrument, and also a modified Franzen-type spring-caliper studied in the above report by Edwards and others, were used in the present study. The results obtained with the earlier Franzen caliper were calibrated against the new caliper in producing the means, etc., of Table IV. Details of the sites used are given in the Appendix. They are similar to those used at various times by Edwards (1950) , Berry and Cowin (1951) , Hammond (1953a) , and Edwards and others (1955) , with certain additions.
Accuracy of Measuring Technique.-Three separate tests of accuracy were applied during the collection of the present data by the author (who also took part in the trials reported by Edwards and others). As the instruments used were of the same type, and as the levels of accuracy obtained in the present trials agreed fairly closely with the above, summarized results only are presented. Joint trials were also undertaken with Drs. Table I were obtained with unmarked sites and therefore differences of location contributed to the errors (this is especially true of the triceps and supra-iliac sites where small differences in position affect the measurements considerably).
(1) CHOICE OF MEASURING SITES AND ASSESSMENT OF THEIR REPRESENTATIVENESS The usual purpose of reporting fat measurements is to indicate the general level of surface body fat rather than the particular reading at any one site, hence it is necessary that the site measurements should apply (with appropriate conversion) to the body as a whole.
If an adequate external criterion of total body fat (or of surface fat) were available to use as a standard, it would be possible to compare the skinfold measurements obtained at any site with this figure, but in the absence of such information it is necessary to use an internal criterion. The validity or representativeness of different sites can be determined by correlating the results for different measurements with each other or with the sum of the measurements taken at a number of sites. An alternative procedure is to see to what extent a general factor underlies all the measurements and then to determine which measurements indicate this factor most closely; in the same way intelligence is determined as a factor underlying a number of intellectual tests, each of which is an imperfect measure of the factor itself. The factor so derived is really a kind of weighted average in place of the simple total of fat measurements. A measurement can be representative of the total surface fat present, or it can be diagnostic of changes in body fat. Both these aspects have been investigated by correlating batteries of fat measurements and also by correlating changes in these measurements.
SAMPLE.-The correlations were based on groups of children or adults drawn from the following sources:
(1) Leeds babies followed up from 1 to 5 years (Hammond, 1952) .
(2) Children aged 5 to 15 years attending council schools in poor, average, and good areas of a number of towns (Hammond, 1953b) .
(3) Children aged 5 to 17 years attending independent fee-paying schools, including boarders and day-scholars (Hammond, 1953b) . a (4) Children aged 3 to 19 years attending a branch of the National Children's Home.
(5) Children aged 7 to 17 years attending an open-air school for debilitated children, together with a normal control group.
(6) Adult women hospital patients, excluding those with endocrine disorders (Edwards, 1950) .
The numbers in each group are given in the Tables of results. Most of the cross-sectional measurements were based on different children at the different ages, but a few (less than 5 per cent) of the same children appeared in different age groups. The analysis of changes in body fat was made on children of Groups 4 and 5 above. Age norms for measurements at six sites were obtained on the above groups together with five sites for a group of factory workers in light industry (Berry and Cowin, 1954) . Thetotal number of subjects was just over 4,500. In no case was there any special selection within the school or group (except that children suffering from specific diseases in Group 5 above were excluded).
In two age groups the children were drawn mainly from the higher social classes and in these cases the results have been weighted to conform to the social distribution of the rest of the sample (i.e. composed mainly of council school children). Similarly the results from clinically poor groups were never allowed to contribute more than 15 per cent. of any age group. the best combinations of two sites in most batteries give multiple correlations of the order 0 95, whilst three increase the multiple correlation to 0 97 or over.* Although the best measurements vary somewhat according to the total battery and according to the individuals (male or female, children or adults) the results show that the sub-scapular and abdominal measurements followed by biceps and either subcostal or supra-iliac measurements give the best indication of total fat.
It is worth noting that in the women's measurements the saturations for the general factor for the small battery of tests agree very closely with the correlations between the measurements and the total of 56 measuring sites ( Table II) , showing that a severe curtailment of the number of measurements has left the diagnostic value of the separate measurements practically unchanged compared with the wider criterion based on measurements taken over the whole of the body.
When the general factor was extracted, the residual variance showed the presence of a secondary factor differentiating between fat deposition on the trunk or oh the limbs. All the tables which included limb and trunk measurements supported this distinction without significant exception. The variance of the second factor averaged 3*7 (1 -4 to 8 * 3 per cent.) of the total variance. The number of measuring sites tested was rather limited for the purpose of defining a second factor, but the biceps measurement had the highest factor saturation for the limb component in the majority of from the three most representative measurements above and repeat the measurements at intervals along with wdight to determine changes in conditions. However, the sites which are most representative of the cross-sectional measurements may not be the best ones to reflect change in total fat or change in weight; hence fat measurements at the five or six sites used in the cross-sectional studies were taken monthly or quarterly for 2 years in two different studies involving groups of children of different ages. The changes at different sites were correlated with each other over the 24 months. As there were in all sixteen tables of correlations these are not reproduced;* instead, the correlations between each site and the sum of the measurement changes from all sites, and also the general factor saturations for each group are reproduced (Table III) .
The rather uneven grouping of ages in Tables II and  III is due to the fact that the results were collected from a variety of studies undertaken at different times for different purposes. The ranges were chosen to avoid a large scatter in ages at points where the mean measurements were changing. The analysis results from the various groups are reproduced to show the general level of consistency in the behavious of fat measurements at different sites.
Here the changes in each measurement are not as closely related as are the cross-sectional measurements [mean r = 0-56(0fi31 to 0 75)], partly because the measuring errors play a greater part. Again, the triceps, scapular and abdominal fat (umbilical region) are the most closely related with the general change (as assessed from the sum of the changes in fat measurement and according to the general factor corresponding to the overall fat change), but the results vary more from group to group. Further, the general factor accounts, on average, for only 49 per cent. of the total variance, compared with 75 per cent for the cross-sectional results.
Measured changes in an individual's subcutaneous fat at any site do not, therefore, indicate total change as closely as the individual measurements represent the present fat rating of the person in relation to a group standard. The practical outcome is that it is more important to use several sites when determining fat changes than when studying crosssectional data. This is also made necessary because the errors of measurement of fat change are considerably higher in relation to the total variance.
Correlations between fat change and weight change in children were low and often negative [mean r = 040(-039 to + 090)] depending on the sex and ages studied. This is because weight (Fig. 2) , in which measurements decrease to age 7 years then increase rapidly to 11 years and more slowly to 17 years. The Table IV and Figs 1 to 3. The data have also been broken down in terms of nutritional grading (by means of a clinical examination), and into a general measure of social class (from the type of school which the children attended and the neighbourhoods from which they came).
The numbers in the poor nutritional grade are too low to justify setting out the mean measurements separately for each age, and, as we are not primarily interested in the age differences within these groups, the mean figures are given for different nutritional categories and social groups relative to the equivalent age standards.
Nutritional Status.-The nutritional criterion is two-fold, consisting either of those children among the general population who were downgraded at the clinical examination (for method see Adcock, Hammond, and Magee, 1947) , or of special groups of children who were selected as suffering from general debility or as being undernourished and in need of special treatment.
*It might be thought that if caliper measurements have to be calibrated according to x-ray results it would be much better to use x-rays in the beginning. However, the x-ray figures are probably rather less reproducible than the standard caliper results and there are overwhelming practical advantages for caliper measurements in field studies, ad4ed to which the choice of measuring sites for x-rays is more limited.
All the groups classified as being poorly nourished are below the general average for their age, but it is interesting to find that the well nourished children frequently show much less difference from the standard, and in some groups are even thinner than the standard on average (Table VI) .
Social Status.-The children were divided into three groups: a "superior" group, consisting of children attending fee-paying day and boarding schools, whose parents belonged mostly to the professional classes; a "good" group, in which the children attended better-class schools in prosperous neighbourhoods and whose parents were mostly from Social Class III; and a "poor" group, drawn from children of Social Classes IV and V in "slums."
It is noteworthy that those from the poorest districts always give mean results below the standards for their age, but occasionally children from the highest social class give lower results than those from the good average group. There is certainly no social gradient in body fat comparable with that in weight and height in school children (Table VII,  opposite) .
CALCULATION OF AMOUNT OF BoDY FAT.-The above results, which are given in the form of caliper measurements, are suitable for comparative purposes, but it would be useful to be able to calculate the actual weight of surface fat present, so that actual losses or gains could be calculated, e.g. in periods of stress. In principle, the measurement of the uncompressed thickness of surface fat and the areas of the body over which these thicknesses apply are all that are required, but in practice, many fat Edwards (1950) The results for a particular measurement are not given unless the measurements were available for all children.
An admirable discussion of these -and similar practical points is given by Edwards (1955) . The present standards are fairly complete for the younger age groups, although they should be regarded as purely provisional until more widespread measuring has been undertaken, e.g. by local health authorities. Figures covering the adolescent period in detail and different adult populations are particularly needed.
The distribution of caliper measurements of subcutaneous fat has been found to be positively skewed in much the same way as weight is skewed. Thus it is easily possible for a person to exceed the mean measurement by more than its own value at some sites, but he cannot be below the mean by this amount or he would have a negative thickness! The biological basis is that the fats apparently do not increase or decrease arithmetically; instead they appear to change proportionally, and therefore, as pointed out by Edwards and others (1950) , a logarithmic transformation has some advantage. This is consistent with the "cellular" mechanism for fat deposition suggested by Edwards (1950) . It is possible that the normal variability is being increased by the addition ofwhat are really pathological cases (the obese children) in the population. The skewness probably has little effect on the interpretation of differences between group means since these mostly occur near the rfiode where the skewness is a minimum. However, a caution is necessary wfen considering very large measurements in the case of individual children. These should not be assumed to have the rarity which would apply to the corresponding a deviation in a normally distributed population. Since a logarithmic transformation gives an approximately normal curve, this can be used to compare the frequency of the logarithm of an actual measurement (and hence the corresponding absolute value). Alternatively, percentile points* of the data can be given when reporting fat measurements, provided that the numbers in the investigation are sufficient for the purpose. However, I think that it is more important to be concerned about an absolute level of fat in a chiLd rather than with his position on an assumed distribution. be associated with other pathological conditions, such as disorders of the endocrine system.
A further caution concerning the interpretation of fat measurements is perhaps relevant: the analysis of cross-sectional measurements in children (Hammond, 1953a ) has shown that the major physical types consist of leptosomes and pyknics, and that subcutaneous fat over the arm is one of the main type differentiators; subcutaneous fat has much higher saturation with the type factor than has weight, for example. In this paper it is also shown that whilst there is evidence that the leptosomes (especially if they are also small) tend to be more often clinically inferior in the sense of being downgraded more often and showing more clinical signs indicative of inadequate nutrition-yet the great majority of leptosome children are healthy and we should take this as a warning not to regard a low fat measurement as a necessarily adverse sign. A recent or sudden loss of body fat is much more important than general thinness. Nevertheless, standards of body fat at different ages provide a useful guide in selecting children for special investigation and treatment.
I should like to advocate the method of expressing fat measurements relative to the x-ray thickness of uncompressed fat. This seems to me to be the most logical form of standardization, and it is superior to any standardization in terms of a particular design of instrument. For, however good that instrument may be, or however widely it may be used, there is still an element of compression of the skinfold and, moreover, of compression which may differ at different thickness readings.
SUMMARY
(1) Results of measuring subcutaneous fat at different sites on the body have been correlated with each other to see which sites are the most representative of those measured, both in respect of the total subcutaneous fat for the individual at any moment and in respect of changes in fat with age.
(2) Measures used for indicating the degree of agreement are the correlations between each site and the sum of all the sites measured, and also the saturations for the general factor for surface body fat.
(3) All the measurements were found to be highly representative of total fat. When used in combination, the best measurements for determining total fat were those taken at the biceps or triceps plus those at the sub-scapular and abdominal regions. (6) Mean measurements for different nutritional and social groups descend from good to poor nutrition and from high to low social class, but the highest groups in both cases show little difference from the age standards.
(7) The frequency distribution of subcutaneous fat measurements is positively skewed, and it is suggested that this may be partly due to the inclusion of a condition of obesity acting as a separate entity. Research is needed to differentiate over-fat or overthin children on clinical grounds ofhealth and optimal functioning.
(8) Methods of estimating the total quantity of subcutaneous fat in the body from measurements of surface area and a representative set of caliper measurements are being studied.
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